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Effects of Cotton Oil Cake with Recommended Fertilizer Dose on Nutrient Uptake, Yield Contributing Characters, and Yield of BRRI dhan29 Rice
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ABSTRACT

	[bookmark: _Hlk209907377][bookmark: _Hlk210150261]Nowadays, organic manures are traditionally used as a fertilizer for farming to get high quality at low cost. Similarly, cotton oilcake is a superior organic manure that has been boosted with vital nutrients. A research was conducted at the Soil Science Field Laboratory of Bangladesh Agricultural University, Mymensingh throughout Boro season of 2024 to study the effects of cotton oil cake with recommended fertilizer dose on rice. The research was set up using a Randomized Complete Block Design (RCBD) with 3 replicates. There were seven treatments such as T1: Control, T2: Recommended Fertilizer Dose (RFD), T3: 90% of RFD + 10% of Cotton Oil Cake (COC), T4: 80% of RFD + 20% of COC, T5: 70% of RFD + 30% of COC, T6: 60% of RFD + 40% of COC and T7: 50% of RFD + 50% of COC. The grain, straw, and biological yield of BRRI dhan29 were all substantially impacted by the various treatments. The maximum grain yield of 5.21 t ha–1 was recorded for the treatment T2 which was statistically identical to those recorded for the treatments T5 (5.10 t ha–1), T6 (5.13 t ha–1), and T7 (5.18 t ha–1). The maximal features of nutrient concentration in grain and straw, as well as absorption by grain, straw, as well as overall were likewise greater for treatment T2, whereas T5 produced substantially equivalent findings. Plant length, active tillers hill–1, panicle length, filled grains panicle–1, unfilled grains panicle-1 and 1000-grain weight were also greater for the treatment T2. Grain yield enhanced with raising nutrient absorption through BRRI dhan29. The implementation of treatment T5 suggestively influenced the yield contributing characters, nutrient content and nutrient absorption through grain and straw of BRRI dhan29 but remained statistically similar to that of the results revealed due to the treatment T2. The findings discovered obviously showed that in order to enhance the crop yield and maintain soil good health, treatments T5 may be practiced instead of treatments T2. Consequently, bearing in mind the importance of organic manures and sustain soil good health, cotton oilcake should be regarded for implementation in combination with chemical fertilizers for yield enlargement of rice.
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1. INTRODUCTION 

“Bangladesh is primarily an agrarian country. Agriculture is the single largest producing sector of economy since it comprises about 14% of the country’s GDP and employing around 40% of the total labor force. The agricultural practices in Bangladesh are dominated by intensive rice cultivation. Geographical and agro-climatic conditions of Bangladesh are favorable for rice cultivation. In Bangladesh about 80% of the total cultivable land is used for rice production. Out of total rice production in this country about 52%, 38% and 7% come from boro, aman and aus rice respectively” (Bangladesh Bureau of Statistics (BBS), 2025).
“In Bangladesh, agriculture is dominated by intensive rice (Oryza sativa L.) cultivation. Globally, rice is the second most important cereal crop to wheat in terms of area but as food it is the most important since it provides more calorie than any other cereals. Rice, as the single most important human energy source feeds about half of the world's population. Among the major rice growing countries of the world, Bangladesh ranks third in respect of growing area and fourth in respect of production. In Bangladesh, rice ranks first in terms of both area and production. Rice is not only the foremost staple food but it also provides nearly 40% of total national employment (48% of total rural employment), about two-thirds of total calorie supply and about half of the total protein intake of an average person in the country” (Rina, 2022).
“Soil is the principal supplier of plant nutrients. Plant derives 14 essential nutrients from the soil. But soil vary considerably in their inherent capacities to supply nutrients which is gradually declining over times due to intensive cropping with high yielding varieties, very little or no use of organic materials and improper soil and crop management practices. Fertilizers are indispensable for the crop production systems of modern agriculture. Among the factors that affect crop production, fertilizer is the single most important factor that plays a crucial role in yield increase, provided other factors are not too limiting. That is why chemical fertilizer today holds the key to the success of the crop production systems of Bangladesh agriculture, being responsible for about 50% of the reduction” (Uddin, 2024). 
“Nitrogen, phosphorus and potassium are the primary macronutrients and can play key roles to increase the production of rice to a great extent. Among the plant nutrients, nitrogen is one that deserves special attention because of its large requirement by crop and instability in soil. Nitrogen has a positive influence on growth, yield and yield components of rice, process of photosynthesis, N-fixation, flowering, fruiting and maturation. Phosphorus is widely deficient in Bangladesh soils. Potassium is one of the primary nutrient elements for plant. Potassium is necessary for several basic physiological functions, such as the synthesis of protein and starch, normal cell division and growth” (Shah et al., 2024). Its shortage may significantly diminish agricultural yields.  Nonetheless, nutritional deficits may be remedied through the judicious use of artificial fertilizers.
“Continuous application of chemical fertilizers accelerates the depletion of soil organic matter and impairs physical and chemical properties of soil in addition to micronutrient deficiencies. Now it is true that use of fertilizers stands as a major factor for environmental pollution. Large scale use of chemical fertilizers has created a potential health hazard, has reduced microbial population and earthworm activities, affecting soil health and has reduced utility of water bodies for men, animals and fishes” (Chittora et al., 2023). Furthermore, chemical fertilizers are usually costly inputs for crop cultivation, particularly in a developing country such as Bangladesh.
“Chemical fertilizers are likely to be even more costly in near future. The actual recommended rates of N, P, K, S and Zn not only maintain soil health for sustainable agriculture but also save part of the cost of crop production” (Uddin, 2024). 
[bookmark: _Hlk211261277]“Organic matter is the source of organic fertilizer. The recent increases in cost of inorganic fertilizers has triggered scientific interest towards the evaluation of organic fertilizers based on locally available resources, including crop residues, animal manure and green manures. Cotton oil cake is one of them. The organic sources can reduce the dependency on costly fertilizers by providing nutrients that are either prevented from being lost (recycling) or more truly added to the system (biological N-fixation)” (Barrera and Farin, 2021; Fu et al., 2025). “When applied repeatedly, the organic matter leads to build-up soil organic matter, thus providing a capital of nutrients that are slowly released and at the same time increasing the soils buffering capacity for water, cations and acidity" (Barrera and Farin, 2021; Fu et al., 2025). 
In this experiment cotton oil cake organic sources of N, P and K with recommended fertilizers have been used to find out their effects on yield and yield donating characteristics of BRRI dhan29. It is used to maintain soil health and sustainable agriculture; it is also ecologically sounded environmentally friendly and economically feasible. Besides, worldwide ecological contamination can be decreased through implementation of cotton oil cake as fertilizers. Considering the above points, the present study was undertaken with the following objectives:
1. To evaluate the effects of cotton oil cake with recommended fertilizer on the yield and yield contributing characters of BRRI dhan29.
2. To find out the effects of cotton oil cake with recommended fertilizer on the nutrient uptake by BRRI dhan29.

2. material and methods 

This section provides an overview of the investigational location, soil, climate, crops, treatments, research layout, land preparation, seedling transplantation, intercultural activities, harvesting, data documenting, soil and plant sample accumulation and arrangement, as well as procedures for physical, chemical, and statistical assessment.  More information about the materials and methods are provided in the following.
2.1 Field trial
2.1.1 Site and soils
The research was conducted at the Soil Science Field Laboratory of Bangladesh Agricultural University, Mymensingh throughout Boro season of 2024. The farmhouse is located at the latitude of 24.48oN and longitude of 90.24oE which is revealed in Figure 1. Bangladesh Agricultural University, Mymensingh is located underneath the AEZ of Old Brahmaputra Floodplain (AEZ 9). Morphological description of the soil has been presented in Table 1 and the physical and chemical properties of experimental field soil have been shown in Table 2.
2.1.2 Collection of cotton oil cake
Cotton oil cake was collected from Cotton Development Board, Kushtia, Bangladesh. Nutrient composition in cotton oil cake have been presented in Table 2.
2.1.3 Climate
The experimental area belongs to sub-tropical climate and is characterized by high temperature and moderately high rainfall during kharif season (April to September) and low temperature in rabi season. The atmospheric temperature tends to increase from February as the season proceeds towards kharif.
2.1.4 Treatments
There were seven treatments including control treatment. The treatment arrangements for the research were given below:
T1: Control
T2: Recommended fertilizer dose (RFD)
T3: 90% of RFD + 10% of cotton oil cake (COC)
T4: 80% of RFD + 20% COC
T5: 70% of RFD + 30% COC
T6: 60% of RFD + 40% COC
T7: 50% of RFD + 50% COC

Recommended Fertilizer Dose (RFD) = 125 kg N ha-1, 25 kg P ha-1, 70 kg K ha-1,
15 kg S ha-1 and 3 kg Zn ha-1.
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Figure 1 Map of the Bangladesh Agricultural University, where the study was conducted.
2.1.5 Experimental design

The research was conducted in a randomized complete block design (RCBD) with 3 replications of every treatment. Every replication is expressed as a block.  Every block was subdivided into 7-unit plots for the chosen treatment.

There were 21 (7 x 3) unit plots. The unit plot dimension was 2.5 m x 4 m. The distance between blocks was 1m and between plots was 0.5 m. The treatments were casually allocated to unit plots in every block. A complete layout of the experiment is presented in the Figure 2.
Table 1 Morphological description of the soil
	Location
	Soil Science field laboratory, BAU

	Agro Ecological Zone
	Old Brahmaputra Flood plain (AEZ 9)

	Land type
	Medium high land

	General soil type
	Flood plain soil

	Parent material
	Old Brahmaputra alluvium

	Drainage
	Well drained

	Flood level
	Above flood level

	Soil series
	Sonatala



2.1.9   Cotton oil cake and Fertilizer application 

Cotton oil cake is put to the plots as per the treatments by thoroughly combining with the soil prior to 7 days prior planting. The content of nitrogen, phosphorus, potassium, sulfur, and zinc needed for every plot was computed. One third of urea, as well as the full dosage of TSP, MOP, gypsum and zinc sulphate were incorporated one day prior transplanting. The remaining urea was incorporated in 2 equivalent portions, once at the highest tillering phase (one month after planting) and again at the panicle emergence phase (3 months after seeding).

2.1.10 Intercultural operations 

Intercultural operations were done for ensuring and maintaining the normal growth of the crop. The details of intercultural operations were presented in the Table 4. Intercultural operations were done as and when required.

2.1.10.1  Irrigation

After transplanting, 5-6 cm standing water was maintained in each plot throughout the growing period.
 
2.1.10.2 Weeding
 
The experimental plots were infested with some weeds, which were controlled by uprooting and removing them from the field at two times.
 


2.1.10.3   Insect and pest management
 
There was no outbreak of insects, pests, or illnesses in the field throughout the trial time, hence no management strategies were implemented.

2.1.11 Harvesting and threshing

The crop was collected at maturity on May 5, 2024. After harvest, rice plants from 3 replicated treatments were packaged individually and transported to the research center where the grains were removed from the panicles. The segregated grains and straw were sun-dried for four days. For examination of each treatment, the sun-dried weight of grain and straw (moisture up to 14%) was extracted and stored in brown paper bags.

Table 2 Physical and chemical characters of experimental field soil
	Physical characters

	% Sand
	12.57

	% Silt
	73.22

	% Clay
	14.21

	Textural group
	Silt loam

	Chemical characters

	% Sand
	12.57

	% Silt
	73.22

	% Clay
	14.21

	Textural group
	Silt loam

	pH
	6.20

	Organic matter (%)
	1.56

	Total N (%)
	0.075

	Available P (mg/kg)
	17.6

	Available K (mg/kg)
	40.0

	Available S (mg/kg)
	13.76

	Cation exchange capacity (me/100 g soil)
	14.02



Table 3 nutrient composition in cotton oil cake

	Nutrient composition
	Values (%)

	N
	6.4

	P
	1.28

	K
	1.83

	S
	0.65

	Zn
	0.39
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Figure 2 Layout of the experiment
2.1.12 Data collection and recording

From the ten casually chosen hills the subsequent notes were documented.
 
2.1.12.1    Plant height

The height of the plant in cm was measured from the ground level to the top of the panicle. From each plot, plants of ten hills were measured and averaged.
 
2.1.12.2    Number of tillers hill-1

Ten hills were taken at random from each plot and total number of tillers hill-1 was recorded.

Table 4 Tillage and intercultural operations and other management practices were performed during the field study of Boro rice (var. BRRI dhan29)

	Tillage, Intercultural operations and Harvesting
	Date


	First Ploughing
	03.01.2024


	2nd Ploughing and laddering
	12.01.2024

	3rd Ploughing and laddering
	16.01.2024

	Last Ploughing, plot preparation and implementation of
fertilizers (TSP, MOP, gypsum and zinc sulphate)
	18.01.2024

	Transplanting of seedlings (BRRI dhan49)
	23.01.2024

	1st weeding
	05.02.2024

	1st split implementation of urea
	09.02.2024

	2nd weeding
	15.02.2024

	2nd split implementation of urea
	28.02.2024

	3rd weeding
	25.02.2024

	3rd split implementation of urea
	18.03.2024

	Harvesting
	05.05.2024

	Threshing
	07.05.2024



2.1.12.3   Panicle length

Measurement was taken from basal node of the rachis to apex of each panicle. Each observation was average of 10 hills.

2.1.12.4   Filled and unfilled grains panicle-1

Ten panicles were taken casually from each plot and the filled and unfilled grains panicle-1 was calculated and averaged.

2.1.12.5   1000-grain weight

1000-grain was taken from each plot and the weight of means was measured after sun drying in an electrical weighing machine.

2.1.12.6   Grain and straw yields

Grain and straw found from individual experimental area were dried and balanced cautiously. The yields were stated in t ha-1 on 14% moisture basis.

2.2 Chemical assessment of soils

2.2.1   Collection and preparation of soil sample

The preliminary soil sample was accumulated from 0-15 cm deepness from the investigational location at Soil Science Field Laboratory, BAU. The soil was air dried, ground and sieved using 2 mm sieve.

2.2.2   Soil analysis

The primary soil sample was investigated for soil texture, pH, organic matter, total N, exchangeable K and available P and S contents. The detail procedure of soil analysis is described below:

2.2.3   Particle-size analysis

The particle size analysis was done by hydrometer method as described by Piper (1996) and the textural class was determined following the USDA system (1951).

2.2.4   Organic carbon

The organic carbon in soil was assessed by Walkey and Black (1934) wet oxidation process as delineated through Jackson (1962). The quantity of soil organic matter was estimated through multiplying the percent value of organic carbon with the Van Bemmelen factor, 1.724 (Page et al., 1989).

2.2.5   Soil pH

Soil pH was calculated through utilizing glass electrode pH meter. The soil-water proportion was 1: 2.5 as designated through Jackson (1962).

2.2.6   Total nitrogen

Overall N concentration in soil was assessed through semi micro-Kjeldahl system. Digestion was completed with H2O2, concentrated H2SO4 and catalyst combination (K2SO4: CuSO4.5H2O: Se =100:10:1). Nitrogen in the digest was calculated through distillation with 40% NaOH followed through titration of the distillate trapped in H3BO3 with 0.01N H2SO4 (Mishra et al., 1999).

2.2.7   Available phosphorus

Available soil phosphorus was extracted with 0.5 M NaHCO3 at a pH of 8.5. The phosphorus in the extract was then determined by SnCl2 reduction method. The intensity of blue colour of molybdophosphate complex was measured with the help of a spectrophotometer set at 660 nm and calibrating the reading to the standard P curve (Olsen et al., 1954).

2.2.8   Exchangeable potassium

Exchangeable K was extracted with NH4OA (pH 7) solution and the extractable K was determined by flame photometer (Black et al., 1965).

2.2.9   Available sulphur

Available sulphur in soil was determined by extracting the soil samples with 0.15% CaC12 solution. The S content in the extract was determined turbidimetrically and the intensity of turbid was measured by spectrophotometer at 420 nm wavelengths as described by Page et al. (1982).

2.2.10 Cation exchange capacity (CEC)

[bookmark: _Hlk211705968][bookmark: _GoBack]“Cation exchange capacity of soil was measured through Na saturation system” as delineated through Jackson (1962). “The soil samples were extracted using normal CH3COONa solution at pH 7.0 as well as all cations were leached out with Na+ from the soils. The additional Na+ was then rinsed out with alcohol. The absorbed Na+ were extracted with normal CH3COONa solution. The quantity of Na+ in the extract was then measured through flame photometer and the findings were explained as me 100 g-1 soil” (Black et al., 1965).

2.3 Chemical investigation of grain and straw

2.3.1   Plant samples analysis

Plant samples taken from the field research were examined for N, P and K concentrations. Grain and straw samples were heated in an oven at sixty-five-degree celsius for forty-eight hours before being processed in a grinding mill to pass by a twenty-mesh sieve. The ground plant materials (grain and straw) were packed into little paper bags and moved into a desiccator.  The methodologies used in plant analysis (grain and straw) were given below.

2.3.2   Digestion of plant samples for N analysis

[bookmark: _Hlk211707592]For the determination of nitrogen, 0.1 g oven dry ground sample was taken in a digestion flask and 1.1 g catalyst mixture (K2SO4: CuSO4.5H2O: Se =100: 10: 1), 3 ml 30% H2O2 and 5 ml H2SO4 were applied to it. The flask was moved around and left to stand for approximately ten minutes. The digestion product was then heated till it became colorless and transparent. After cooling, the contents were transferred to a 100 ml volumetric flask and filled with distilled water to the required volume. A reagent blank was created in an identical way.  The digested substances were utilized to determine nitrogen content.

2.3.3   Digestion of plant samples for P and K analysis

Plant materials weighed 0.5 g were placed into a 100 mL digestion flask. The flask was filled with ten milliliters of a diacid mixture (HNO3:HClO4 = 2:1). After a few minutes, the flasks were warmed up to gradually increase the temperature to 200ºC.  Heating was halted when the thick white smoke of HClO4 appeared.

After cooling down, the substances were transferred to a 50 ml volumetric flask, and the volume was adjusted with distilled water.  The digests were utilized to determine phosphorus and potassium.

2.3.4   Analysis of elements

The elements (nitrogen, phosphorus and potassium) in the digested substances were measured in the similar process as utilized in soil chemical determination.

3.4   Statistical analysis

The analysis of variance for crop parameters and also for nutrient concentrations and nutrient absorption through grain and straw were completed following the principles of F statistics. The average findings in case of substantial F-value were related through the Duncan's Multiple Range Test (DMRT) as described through Gomez and Gomez (1984).


3. results and discussion

3.1 Results 
The present experiment was conducted to determine the effect of cotton oil cake with recommended fertilizer dose on nutrient uptake, yield contributing characters, and yield of modern hybrid rice variety namely BRRI dhan29.
3.1.1   Yield and yield donating characteristics of BRRI dhan29 
Yield and yield contributing characters such as plant height, number of effective tillers hill–1, panicle length, filled grains panicle–1, 1000–grain weight, grain yield and straw yield were recorded at the time of harvest and the detailed results are described under the following sub–headings: 
3.1.1.1   Plant height
Plant height of rice was influenced significantly due to application of cotton oil cake and recommended fertilizer in different combinations (Table 5). All the treatments suggestively enhanced the plant length above control. Plant height varied from 54.12 cm in T1 (control) to 81.01 cm in T2 (RFD). The highest plant (81.01) cm) was noted in the treatment which was statistically similar with all other treatments (T7, T6, T5, T4, and T3) except control (T1) with the values of 79.96, 79.89, 78.77, 78.01 and 76.26 cm, correspondingly. The smallest plant (54.12 cm) was found in the treatment T1 (control) which was suggestively dissimilar from all other treatments. 
3.1.1.2   Number of effective tillers hill–1
Number of effective tillers hill–1 of rice was influenced significantly due to application of cotton oil cake and recommended fertilizer in different combinations (Table 5). It appears that the number of tillers hill–1 due to different treatments varied from 7.12 to 9.29. The maximum number of effective tillers hill–1 (9.29) was found in T2 (Recommended fertilizer dose) which was statistically identical to those documented in the all other treatments except T1 (control). The minimum number of tillers hill–1 (7.12) was found in the treatment T1 (control). 
3.1.1.3   Panicle length
Length of panicle of BRRI dhan29 was affected suggestively owing to implementation of cotton oil cake and recommended fertilizer in diverse associations (Table 5). From the Table 5, it was found that the length of panicle differed from 16.73 to 22.63 cm owing to the diverse treatments. Amongst the treatments, the highest panicle (22.63 cm) was detected in (T2) which was statistically equal (22.63 cm) to that noted in the treatment T5 and closely followed (22.43 cm) by T6. So, the length of panicle in the treatments was greater than that of the control. As a result, the smallest panicle (16.73 cm) was observed in control treatment (T1). 
3.1.1.4   Number of filled grains panicle–1
Analysis of variance data on number of filled grains panicle–1 of BRRI dhan29 showed significant differences owing to implementation of cotton oil cake and recommended fertilizer in diverse associations (Table 5). The number of filled grains panicle–1 regarding diverse treatments varied from 60.53 to 96.11. The maximum number of filled grains panicle–1 (96.11) was observed in the treatment T2 which was statistically identical to those documented in the treatments T7, T6, T5, with the values of 95.21, 92.01 and 91.86 respectively. The minimum number of filled grains panicle–1 (60.53) observed in the treatment T1 (control). 
3.1.1.5   1000 grain weight
Analysis of variance of data presented substantial difference concerning 1000– grain weight which was shown in Table 5. It appears owing to implementation of cotton oil cake and recommended fertilizer in diverse associations levels enhanced the thousand–grain weight of BRRI dhan29. The thousand–grain weight varied from 18.12 to 22.84 gm. All the treatments displayed enhanced thousand–grain weight above control. The highest thousand–grain weight (22.84 g) was documented from T2 while the lowest 1000–grain weight (18.12 g) was obtained in the treatment T1 (control).
3.1.1.6   Grain yield 
Grain yield of BRRI dhan29 responded significantly owing to synergistic usage of cotton oil cake and recommended fertilizers (Table 5). The grain yield varied from 3.16 to 5.21 t ha–1 (Table 6) owing to implementation of cotton oil cake and fertilizer in diverse associations. All the treatments presented greater grain yield (t ha–1) above control. The maximum grain yield (5.21 t ha–1) presenting 64.87% higher increase over control was found in the treatment T2 (RFD) which was statistically identical to those detected in the treatments of T5 (70% of RFD+ 30% of COC), T6 (70% of RFD + 40% of COC) and T7 (50% of RFD+ 50% of COC) with values of 5.10 t ha–1 (61.39% increase over control), 5.13 t ha–1 (62.34% increase over control) and 5.18 t ha–1 (63.92% increase over control) individually. The minimum grain yield (3.16 t ha–1) was found in the control (T1) which was statistically dissimilar from all other 
Table 5 Effects of cotton oil cake with recommended fertilizer dose on the yield donating characteristics of BRRI dhan29
	Treatments
	Plant
length
(cm)

	Number of
active
tillers hill–1
	Panicle
length (cm)
	Number of
filled grains
panicle –1
	1000 grain
weight (g)

	T1: Control
	54.12b
	7.12d
	16.73d
	60.53d
	18.12d

	T2: RFD
	81.01a
	9.29a
	22.63a
	96.11a
	22.84a

	T3: 90% of RFD + 10% of cotton oil cake (COC)
	76.26a
	8.61c
	20.78c
	85.97c
	19.17c

	T4: 80% of RFD + 20% COC
	78.01a
	8.96b
	21.13bc
	90.00b
	21.50b

	T5: 70% of RFD + 30% of COC
	78.77a
	9.11a
	22.43a
	91.86ab
	22.45a

	T6: 60% of RFD + 40% of COC
	79.89a
	9.16a
	22.35a
	92.01ab
	22.50a

	T7: 50% of RFD + 50% of COC
	79.96a
	9.17a
	21.15a
	95.21a
	22.60a

	SE (±)
	3.71
	0.31
	0.77
	4.52
	0 .74



Figures in a column having same letters do not vary suggestively at 5% level of significance. RFD = Recommended Fertilizer Dose, SE (±) = Standard error of means.
[bookmark: _Hlk211710980]treatments. This indicates that these nutrients had substantial part on grain yield. The percentages of enhanced grain yield above control owing to diverse treatments were also displayed in Table 6. The maximum percentage (64.87%) of enhanced grain yield above control was documented in the treatment T2 (RFD). The minimum percentage (51.26.2%) of enhanced grain yield above control was noted in the treatment T3 (90% of RFD + 10% of COC). The grain yield found from diverse treatments graded in the sequence of T2> T7> T6> T5> T4> T3> T1. The findings discovered there was more T5 (70% of RFD+ 30% of COC) marked in generating more grain yield than other treatments during research.
3.1.1.7   Straw yield
A significant variation was found due to the effect of cotton oil cake with recommended fertilizer regarding straw yield (Table 6). Results presented in Table 6 showed that straw yield of BRR1 dhan29 varied from 4.48 to 6.50 t ha–1 in these regards. All the treatments gave greater straw yield above control. It was detected that the treatments T2 (Recommended fertilizer dose) provided the maximum straw yield (6.50 t ha–1) which was statistically identical to those documented in the treatments T5 (70% of RFD + 30% of COC), T6 (60% of RFD + 40% of COC) and T7 (50% of RFD + 50% of COC) with the values of 6.31 t ha–1, 6.40 t ha–1, and 6.44 t ha–1 correspondingly. The minimum straw yield (4.48 t ha–1) was documented in the treatment T1 (control). The maximum percentage (45.08%) of enhanced straw yield above control was observed in the treatment T2 (Recommended fertilizer dose). The minimum percentage (13.83%) of enhanced straw yield above control was documented in the treatment T3 (90% of RFD + 10% of COC). The straw yield owing to diverse treatments graded in the sequence of T2> T7> T6> T5> T4> T3> T1. The findings discovered that T2 (recommended fertilizer dose) was more marked in generating more straw yield than other treatments during research.
3.1.2   Nutrient content and uptake in grain and straw
3.1.2.1   Nitrogen content and uptake
Nitrogen content
The N content in rice grain was influenced significantly by the application of cotton oil cake and fertilizers (Table 7). Nitrogen concentration in grain differed from 1.06 to 1.19%. The treatment T2 (RFD) followed the highest N content in grain (1.19%) which was statistically identical to those documented in the treatments T3 (90% of RFD+ 10% of COC), T4 (80% of RFD + 20% of RFD + 50% of COC) with values of 1.14, 1.14, 1.15, 1.16 and 1.17% N, correspondingly. The lowest amount of N (1.06%) was observed in the control (T1). The maximum N absorption through straw was found in the treatment T2 (RFD) and the minimum N absorption through straw was documented in the treatment T1 (control). The maximum N content value (0.70%) was observed in the treatment T2 (RFD) which was statistically near to treatment T5: (70% of RFD + 30% of COC), T6: (60% of RFD + 40% of COC) and T7: (50% of RFD + 50% COC) with the values of 0.62, 0.66, and 0.68%, individually.
Nitrogen absorption 
Table 7 indicated the significant variation in nitrogen absorption owing to the consequence of cotton oil cake and recommended fertilizers. Results in Table 7 indicated that the N uptake by grain and straw of BRRI dhan29 was significantly affected where the N uptake by grain varied from 33.49 to 61.99 kg ha–1. The highest N uptake (61.99 kg ha–1) by grain was recorded in the treatment T2 (RFD) which was statistically identical to those documented in the treatments T7:( 50% of RFD + 50% of COC), T6: (60% of RFD + 40% of COC) and T5 (70% of RFD + 30% of COC) with the uptake values of 60.60, 59.50 and 58.65 kg ha–1 respectively.
Table 6 Effects of cotton oil cake with recommended fertilizer dose on grain and straw yields of BRRI dhan29
	Treatment
	Grain yield
(ha–1)
	% enhance above
control
	Straw yield
(ha–1)
	% enhance above control


	T1: Control
	3.16c
	
	4.48c
	

	T2: RFD
	5.21a
	64.87
	6.50a
	45.08

	T3: 90% of RFD + 10% of cotton oil cake (COC)
	4.78b
	51.26
	5.10b
	13.83

	T4: 80% of RFD + 20% of COC
	4.84b
	53.16
	5.40b
	20.53

	T5: 70% of RFD + 30% of COC
	5.10a
	61.39
	6.31a
	40.48

	T6: 60% of RFD + 40% of COC
	5.13a
	62.34
	6.40a
	42.85

	T7: 50% of RFD + 50% of COC
	5.18a
	63.92
	6.44a
	43.75

	SE (±)
	0.29
	
	0.29
	



Figures in a column having same letters do not vary suggestively at 5% level of significance. RFD = Recommended Fertilizer Dose, SE (±) = Standard error of means.
The minimum N absorption (33.49 kg ha–1) through grain was found in the treatment T1 (control) which was statistically dissimilar from all other treatments. In straw, the N absorption varied from 20.16 to 45.50 kg ha–1 (Table 7). The maximum N absorption (45.50 kg ha–1) through straw was found in the treatment T2 (RFD) which was statistically identical to those documented in the treatments T5: (70% of RFD + 30% of COC), T6: (60% of RFD + 40% of COC) and T7 :( 50% of RFD + 50% of COC) with the N uptake values of 39.12, 42.24 and 43.59 kg ha–1, respectively.
The minimum N absorption (20.16 kg ha–1) through straw was documented in the treatment T1 (control). The absorption of overall Nitrogen owing to diverse treatments varied from   33.65 to 107.49 kg ha–1 (Table 7). The maximum overall N absorption (107.49 kg ha–1) was documented in the treatment T2 RFD which was statistically identical to those documented in the treatments T5: (70% of RFD + 30% of COC), T6:( 60% of RFD+ 40% of COC) and T7: (50% of RFD + 50% of COC) with the overall N absorption values of 97.77, 101.74 and 104.39 kg ha–1, respectively. The minimum overall absorption of N (33.65 kg ha–1) was found in the treatment T1 (control).
Table 7 Effects of cotton oil cake with recommended rates of fertilizers on N content and absorption through BRRI dhan29
	Treatments
	N content (%)
	N uptake (kg ha–1)

	
	Grain
	Straw
	Grain
	Straw
	Total
	% Recovery of N

	T1: Control
	1.06b
	0.45d
	33.49d
	20.16c
	33.65c
	

	T2: RFD
	1.19a
	0.70a
	61.99a
	45.50a
	107.49a
	43.07

	T3: 90% of RFD + 10% of cotton oil cake (COC)
	1.14a
	0.51c
	54.49c
	26.01b
	80.5b
	23.86

	T4: 80% of RFD + 20% of COC
	1.14a
	0.56b
	55.176b
	30.24b
	85.41b
	31.76

	T5: 70% of RFD + 30% of COC
	1.15a
	0.62ab
	58.65ab
	39.12a
	97.77a
	50.42

	T6: 60% of RFD + 40% of COC
	1.16a
	0.66ab
	59.50ab
	42.24a
	101.74a
	64.41

	T7: 50% of RFD + 50% of COC
	1.17a
	0.68a
	60.60a
	43.79a
	104.39a
	81.18

	SE (±)
	0.01
	0.04
	3.72
	3.81
	7.29
	



Figures in a column having same letters do not vary suggestively at 5% level of significance. RFD = Recommended Fertilizer Dose, SE (±) = Standard error of means.
3.1.2.2 Phosphorus content and uptake
Phosphorus content
Data showed in Table 8 designated that phosphorus content in together grain and straw of BRRI dhan29 was substantial variances owing to implementation of cotton oil cake and fertilizer in diverse associations. The P content in grain ranged from 0.156 to 0.209%. The highest P value (0.209%) was recorded in the treatment T2(RFD) and it was statistically similar to those recorded in the treatments T5 (70% of RFD + 30% of COC), T7 (60% of RFD +40% of COC) and T6 (50% of RFD + 50% of COC)) with values of 0.198, 0.199 and 0.201 individually. The minimum P value (0.156%) was found in the treatment T1 (control). The phosphorus content in straw differed from 0.159 to 0.215% (Table 8). All the treatments presented enhanced P content in straw above control. The maximum P value (0.215%) was observed in the treatment T2 RFD. The minimum P value (0.159%) was observed in the treatment T1(control) which was statistically dissimilar from other treatments. 
Phosphorus absorption
The phosphorus absorption was substantial in together grain and straw of BRRI dhan29 owing to the consequence of cotton oil cake with recommended fertilizer dosage (Table 8). The arrays of P absorption in grain were from 4.92 to 10.88 kg ha–1. The highest P absorption (10.88 kg ha–1) through grain was documented in the treatment T2 (RFD) which was statistically identical to those documented in the treatments T5: (70% of RFD + 30% of COC), T7:(60% of RFD +40% of COC) and T6: (60% of RFD + 40% of COC) with the P content values of 10.09, 10.33 and 10.77 kg ha–1 correspondingly. The lowest P absorption (4.92 kg ha–1) through grain was found in the treatment T1 (control) which was suggestively dissimilar from other treatments. In case of straw, the P absorption differed from 7.12 to 13.97 kg ha–1 (Table 8). The maximum P absorption (13.97 kg ha–1) was documented in the treatment T2 RFD which was statistically identical to those noted in the treatment T7 (70% of RFD + 30% of COC) and T6 (60% of RFD +40% of COC). The minimum P absorption (7.12 kg ha–1) was observed in the treatment T1 (control) which was suggestively dissimilar from other treatments. The overall P absorption through grain and straw was too influenced suggestively through diverse treatments (Table 8). The overall P absorption through BRRI dhan29 differed from 12.04 to 24.85 kg ha–1. The maximum overall P absorption (24.85 kg ha–1) was documented in the treatment T2 RFD which was statistically near to the treatment T7: (50% of RFD + 50% of COC), and T6: (60% of RFD +40% of COC). The minimum value of overall P absorption (12.04 kg ha–1) was found in the treatment T1 (control) which was statistically dissimilar from other treatments.
3.1.2.3 Potassium content and uptake
Potassium content
Potassium content in both grain and straw was impacted suggestively through the consequence of cotton oil cake with recommended fertilizer dose in this experiment (Table 9). It seems that the K content in grain differed from 0.146 to 0.243%. The maximum K content (0.243%) was observed in the treatment T2 (Recommended fertilizer dose) which was statistically identical to those documented in the treatments T6:(60% of RFD + 40% of COC), T7:(50% of RFD + 50% of COC), with the K content values of 0.236 and 0.239 individually. The minimum K content (0.146%) was noted in the treatment T1 which was statistically dissimilar with other treatments. From the Table 9, it was observed that the K content differed from 0.692 to 0.772%. The maximum K content in straw (0.772%) was observed in the treatment T2 (RFD) which was statistically near to those documented in the treatments T7:( 50% of RFD + 50% of COC), T6: (60% of RFD +40% of COC) and  T5: (70% of RFD +30% of COC) with values of 0.737, 0.735 and 0.732% correspondingly. The minimum K content was suggestively dissimilar with other treatments. It is also found that K content in straw was greater than that of grains in all the treatments.
Potassium absorption
Potassium absorption through BRRI dhan29 in both grain and straw was suggestively affected through the consequence of cotton oil cake with recommended fertilizer dosage in this experiment (Table 9), it seems that the K absorption through grain differed from 4.61 to 12.66 kg ha–1. The maximum K absorption (12.66 kg ha–1) through grain was found in the treatment T2 (Recommended fertilizer dose) which was statistically identical to those documented in the treatments T7: (50% of RFD +50% of COC)  and T6: (60% of RFD +40% of COC) with the K absorption values of 12.38 and 12.10 kg ha–1, individually. The minimum absorption value of K (4.61 kg ha-1) through grain was found in the treatment T1 (control). In straw, absorption values of K varied from 31.00 to 50.18 kg ha–1

Table 8 Effects of cotton oil cake with recommended rates of fertilizers on P content and absorption through BRRI dhan29
	Treatments
	P content (%)
	P uptake (kg ha–1)

	
	Grain
	Straw
	Grain
	Straw
	Total
	% Recovery of P

	T1: Control
	0.156d
	0.159c
	4.92d
	7.12d
	12.04d
	

	T2: RFD
	0.209a
	0.215a
	10.88a
	13.97a
	24.85a
	51.40

	T3: 90% of RFD + 10% of cotton oil cake (COC)
	0.190c
	0.169b
	9.08c
	8.61c
	17.69c
	25.11

	T4: 80% of RFD + 20% of COC
	0.192b
	0.175b
	9.29b
	9.45b
	18.74b
	33.50

	T5: 70% of RFD + 30% of COC
	0.198a
	0.187ab
	10.09a
	11.79ab
	21.88ab
	56.22

	T6: 60% of RFD + 40% of COC
	0.201a
	0.188a
	10.77a
	12.03a
	22.80a
	71.73

	T7: 50% of RFD + 50% of COC
	0.199a
	0.192a
	10.33a
	12.36a
	22.69a
	85.20

	SE (±)
	0.01
	0.01
	0.78
	0.93
	1.65
	



Figures in a column having same letters do not vary suggestively at 5% level of significance. RFD = Recommended Fertilizer Dose, SE (±) = Standard error of means.
(Table 9). The maximum K absorption value of 50.18 kg ha–1 was found in the treatment T2 RFD which was statistically identical to those documented in the treatments T7: (50% of RFD +50% of COC), T6: (60% of RFD +40% of COC) T5: (70% of RFD +30% of COC)   with the K absorption values of 47.46 and 47.04 kg ha–1, correspondingly. The minimum K absorption (31.00 kg ha–1) through straw was found in the treatment T1 (control). These findings discovered that the K absorption through rice straw was much greater than that of K absorption through rice grain. The overall K absorption through BRRI dhan29 was also suggestively affected owing to diverse fertilizer decreased treatments and the overall K absorption varied from 35.65 to 62.84 kg ha–1 (Table 9). The maximum overall K absorption (62.84 kg ha–1) was found in the treatment T2 (RFD) which was statistically identical to those documented in the treatments T7: (50% of RFD +50% of COC), T6: (60% of RFD +40% of COC) and T5: (70% of RFD +30% of COC) with the overall absorption values of 59.84 and 59.14 kg ha–1 , correspondingly. The minimum overall K absorption (35.65 kg ha–1) was found in the treatment T1 (control) which was statistically dissimilar from other treatments.                            
Table 9 Effects of cotton oil cake with recommended rates of fertilizers on K content and absorption through BRRI dhan29
	Treatments
	K content (%)
	K uptake (kg ha–1)

	
	Grain
	Straw
	Grain
	Straw
	Total
	% Recovery of K

	T1: Control
	0.146d
	0.692c
	4.61d
	31.00c
	35.65c
	

	T2: RFD
	0.243a
	o.772a
	12.66a
	50.18a
	62.84a
	38.84

	T3: 90% of RFD + 10% of cotton oil cake (COC)
	0.208c
	0.713b
	9.94c
	36.36b
	46.30b
	16.90

	T4: 80% of RFD + 20% of COC
	0.216b
	0.729b
	10.45b
	39.36b
	49.81b
	25.28

	T5:80%of RFD + 20% of COC
	0.227ab
	0.732ab
	11.57ab
	44.87a
	56.44a
	42.42

	T6: 60% of RFD + 40% of COC
	0.236a
	0.735ab
	12.10a
	47.04a
	59.14a
	55.92

	T7: 50% of RFD + 50% of COC
	0.239a
	0.737ab
	12.38a
	47.46a
	59.84a
	69.11

	SE (±)
	0.01
	0.01
	1.08
	2.72
	3.86
	



Figures in a column having same letters do not vary suggestively at 5% level of significance. RFD = Recommended Fertilizer Dose, SE (±) = Standard error of means.

3.2 Discussion
After harvesting of the crop, yield components and yields of BRRI dhan29 viz. plant length, number of active tillers hill–1, panicle length, filled grain panicle–1, 1000-grain weight, grain yield and straw yield were recorded. N, P, and K contents and uptake by BRRI dhan29 were also recorded.
[bookmark: _Hlk211694133][bookmark: _Hlk210305325][bookmark: _Hlk210304689]The highest plant was noted in the treatment T2: RFD which was substantially identical to the other treatments (T7, T6, T5, T4, T3) except control (T1) with the values of 79.96, 79.89, 78.77, 78.01, 76.26, and 54.12 cm, correspondingly. The smallest plant was found in the treatment T1 (control) which was suggestively dissimilar from all other treatments. The findings were also in agreement with the findings of Das et al. (2024) and Bashar et al. (2025).
[bookmark: _Hlk211693529]The maximum number of effective tillers was found in T2 RFD which was noticeably identical to those documented in T7: (50% of RFD +50% of COC), T6:(60% of RFD + 40% of COC) and T5:(70% of RFD + 30% of COC) treatments with the values of 9.17, 9.16, and 9.11 cm respectively. It may be owing to a lesser decrease of all the fertilizers from recommended rates, which did not influence the growth and development of plants significantly. The minimum number of tillers hill–1 was found in the treatment T1 (control). Same findings were also found through Afrad et al. (2018) and Rashid et al. (2025).
The longest panicle was observed in recommended fertilizer dose (T2) which was substantially identical to that in the treatment T7: (50% of RFD +50% of COC), T6: (60% of RFD +40% of COC) and T5: (70% of RFD + 30% of COC). So, the length of panicle in the treatments was greater than that of the control. Consequently, the smallest panicle (16.73 cm) was observed in control treatment (T1). The results were also in agreement with the results of Hossain et al. (2017) and Afrad et al. (2018).
The maximum number of filled grains panicle–1 was found in the treatment T2 which was statistically similar to that observed in the treatments T7. It may be owing to lesser reduction of all the fertilizers from recommended rates, which did not influence the growth and development of plants significantly. The lowest number of filled grains panicle–1 was found in the treatment T1 (control). These findings were established by the results of Sunil Kumar et al. (2024) and Hasan et al. (2025).
The maximum 1000–grain weight (22.84 g) was documented from T2 (recommended fertilizer dose) while the minimum thousand grain weight (18.12 g) was found in the treatment T1 (control). These consequences were supported by the results of Bashar et al. (2025).
[bookmark: _Hlk211264132]The highest grain yield of 5.21 t ha–1  (64.87% higher increase over control) was  obtained in the treatment T2 (recommended fertilizer dose) which was substantially identical to those observed in the treatments of T7:(50% of RFD +50% of COC), T6:(60% of RFD +40% of COC), and T5:(70% of RFD +30% of COC) with values of 5.18 t ha–1  (63.92% increase over control), 5.13 t ha–1  (62.34% increase over control), and 5.10 t ha–1 (61.39% increase over control), respectively. The lowest grain yield of 3.16 t ha–1 was found in the control (T1) which was substantially dissimilar from all other treatments. This indicates that these nutrients had substantial part on grain yield. The highest percentage (64.87%) of increased grain yield over control was recorded in the treatment T2 (recommended fertilizer dose). The minimum percentage (51.26%) of enhanced grain yield upon control was documented in the treatment T3. The grain yield for both kg and t ha–1 obtained from diverse treatments graded in the sequence of T2> T7> T6> T5> T4> T3> T1. According to the findings, T2 produced a greater grain yield than the other treatments that were investigated. Similar findings were also obtained by Hossain et al. (2017), Afrad et al. (2018), Dhaliwal et al. (2023), Bashar et al. (2025, and Hyndavi et al. (2025).
All the treatments provided greater straw yield than the control. The treatments T2 (recommended fertilizer dose) provided the maximum straw yield (6.50 t ha–1) which was noticeably identical to those documented in the treatments T7: (50% of RFD +50% of COC), T6: (60% of RFD +40% of COC) and T5: (70% of RFD +30% of COC) with the values of 6.44, 6.40 and 6.31 t ha–1, correspondingly.
The minimum straw yield (4.48 t ha–1) was noted in the treatment T1 (control). Treatment T2 (recommended fertilizer dose) showed the greatest raised in straw production (45.08%) compared to the control group. T3 had the minimum percentage of enhanced straw yield (13.83%) compared to control. The results were also in agreement with the findings of Sun et al. (2020) and Bashar et al. (2025).
The treatment T2 (recommended fertilizer dose) ensued the highest N content in grain (1.19%) which was substantially identical to those documented in the treatments of T7:(50% of RFD +50% of COC), T6:(60% of RFD +40% of COC). The lowest content of N (1.06%) was documented in the control (T1). The maximum N absorption through grain was recorded in the treatment T2 (recommended fertilizer dose) and the minimum N absorption through grain was obtained in the treatment T1 (control).The maximum N absorption through straw was detected in the treatment T2 (recommended fertilizer dose) and the minimum N absorption through straw was documented in the treatment T1 (control). This research encourages farmers to adopt the combined application of manures and fertilizers to decrease the dependence on inorganic fertilizers (Kakar et al., 2020).
The highest P value was recorded in the treatment T2: (recommended fertilizer dose) and it was statistically similar to those recorded in the treatmentsT7 :( 50% of RFD +50% of COC), T6: (60% of RFD +40% of COC) and T5:(70% of RFD + 30% of COC). The lowest P value was noted in the treatment T1 (control). The maximum P uptake by grain was recorded in the treatment T2 and the minimum P uptake by grain was observed in the treatment T1 (control). It shown that the prescribed fertilizer dosage in grain and the recommended fertilizer dose in straw had a significant influence on P content. Same findings were too found through Jinger et al. (2022) and Gouda et al. (2023).
The maximum K content (0.243%) was obtained in the treatment T2 (recommended fertilizer dose) and the lowest K content was recorded in the treatment T1 (control). The highest K content in straw was found in the treatment T2 (recommended fertilizer dose) and the lowest K content was observed in the treatment T1 (control). The highest K uptake by grain was noted in the treatment T2 (recommended fertilizer dose) and the lowest uptake values of K through grain was found in the treatment T1 (control). It indicates that T5 : (70% of RFD +30% of COC) had noticeable consequence on K content in together grain and straw. The findings were too in arrangement with the results of Kumar et al. (2023) and Kumar et al. (2025)
4. CONCLUSION

The overall assessment shows that the yields attained from treatments T2 (Recommended Fertilizer Dose) and T5 (70% of RFD +30% of COC) were substantially equivalent. The treatment T2 was suggested dosage for the cultivation of BRRI dhan29 which provided the greater yield. But statistically there was no substantial yield variance between T2 and T5. But in comparison among the treatments, T2 treatment was comprised of 100% of RFD whereas, the treatment T5 was consisted of 70% of RFD + 30% of COC individually. Therefore, it is significance utilizing T5: (70% of RFD +30% of COC), additional fertilizer, which eventually enhances the cost of production. The current scenario implies that a treatment consisting of 70% recommended fertilizer dose and 30% COC will be effective for cultivating BRRI dhan29.
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